Ulysses Measures Consistent
Ages for Cosmic Rays Using DY

Four Radioactive Clocks. ./ A

The average age of the cosmic rays can be
measured using radioactive nuclei with long
half lives that are produced as secondaries
by fragmentation of the primary cosmic ray
nuclei during their propagation through the
Galaxy. The University of Chicago’'s COSPIN
High Energy Telescope on Ulysses has
determined the cosmic ray age using four
radioactive secondaries from different
regions of the periodic table, having different
half-lives, energies, and production cross
sections. All the measurements are
consistent with an age in the range 16 — 22
million years, and with an average interstellar
density along the propagation path of about
0.25 atoms/cc, well below the average
interstellar density of ~1 atom/cc. This
provides evidence for a low density Galactic

fverage Galactic Disk Density

L Measurements
3

0.5 [ Deduced from Cosmic Ray g -
L = —T

foeg. 15M Density Latoma.oo) Cosmic Ray Age (10E yrs)  Half-Life (IUa ur:

: : : Lot 1 1 1 1
halo in which the cosmic rays can be B
confined for millions of years. Nuclear Charge (7)

N R B. McKibben/University of Chicago Space Science MO&DA Programs - March 1999

Ulysses M easuresConsistent Ages for Cosmic Rays Using Four Radioactive Clocks.

After acceleration, cosmic raysdiffuse through the magnetic fields in the galaxy before finally escaping. During
propagation, primary cosmic ray nuclei interact with interstellar material to produce secondary nuclei, some of
which areradioactive Secondary radioactive nuclel with half-lives of order 1 million years(1 MY) provideaway
to measure the average timethat the cosmic rays are confined in the galaxy.

In the 1970s the IMP 7 and 8 satellites made the first measurement of the cosmic ray age using 1°9Bed, which has a
half-life of ~1.6 MY . Cosmic ray Beryllium isproduced almost entirely by spallation of heavier primary cosmic
rays during their propagaion inthe galaxy. Of ~420 Be nuclei detected, ~20 were 1°Be. This implied that almost dl
of the 19Be produced had decayed. While the 1°Be/Be ratio gave a measure of the average time spent in

propagation, measurement of the ratio of the more abundant secondary, Boron, to the primary Carbon ﬁrovi ded a
measure of the totd amount of material the cosmic rays had passed through. Knowing the vdocity of the cosmic
rays, thelifetime measurement then also yidded the average density of maerial along the cosmic ray path. Analysis
of these observations using a complete model of interstellar propagation and escape gave an average age of ~20
MY, and an average density of ~0.2 atoms/cc, much less than the overall average of ~1 aom/ccin the galactic disk.

Prior to Ulysses the instrumentsin Ziloace coud not separate the radioactive isotopes of other, heavier, secondary
elements. Withthe large geometrical factor and high resolution of the COSPIN HET, the 19Be analysis was
repeated with morethan 1500 Be nuclei@. We have also studied 26A13), 36CI¢4), and >*Mn(®), which have half-lives
ranging from 0.3 to~1 MY. All the measurements give consistent lifetimes around 20 MY, and densities around
0.25 atoms/cc. The consistency of the cosmic ray age measurements isimportant because theisotopes we have used
are produced from different primaries, with different cross-sections, and at different energies. This consistency
provides strong evidence for the existence of alow density galactic haloin which cosmic rays %)end much of their
time after they are accelerated. Prior to this work, the beta-decay haf-life of the fully stripped *Mn nucleus, as
found in cosmic rays, was very poorly known. Inthe lab this decay is masked by a very much more probable (half-
life=312 daysg electron capture decay. Estimates for the beta-decay half-life ranged from 0.1 to 10MY, and our
initid analys <) assumed avalue of 1 MY. Inspired by our measurements, Wuosmaa et al.(®, with our
participaion, undertook a laboratory measurement to further refine the *Mn beta-decay half-life. They obtained a
value of 0.63 MY. Opencircles in the figure indicate the results of using this newer half-lifein our anaysis.
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